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TUNABLE MICRORING RESONATOR FIG . 7B is a side view along line A - A of FIG . 7A . 
FIG . 8A is a top view of a variant of the secondary 

TECHNICAL FIELD waveguides of the first embodiment . 
FIG . 8B is a side view along line B - B of FIG . 8A . 

The present disclosure relates to a tunable microring 5 FIG . 9 is a top view of a second embodiment . 
resonator . FIG . 10A is a perspective view of a third embodiment . 

FIG . 10B is a perspective view of a fourth embodiment . 
BACKGROUND FIG . 11A is a perspective view of a fifth embodiment . 

FIG . 11B is a side view of the fifth embodiment of FIG . 
Optical filters are an essential part of today ' s optical 10 11A , where a secondary waveguide partially overlaps with 

networks . Multiwavelength filters can process several opti the primary waveguide and with another secondary wave 
cal channels at the same time . Fabry - Perot interferometers guide . 
and ring resonators are the most commonly used multiwave FIG . 11C is a side view of the fifth embodiment , where a length filters . Optical switches and electro - optical modula 5 secondary waveguide partially overlaps with the primary tors based on ring resonators have been demonstrated in the 15 waveguide only . 
literature . These filters have a constant free spectral range 
( FSR ) because of invariable mechanical dimensions . FSR is FIG . 11D is a perspective view of a variant of the fifth 
defined as the wavelength spacing between two successive embodiment . 
resonances in an interferometer . FIG . 12 is a flowchart illustrating a method of operation 

Filters with tunable FSR provide more flexibility in the 20 according to an embodiment . 
optical network . If needs of the network change , the filter FIG . 13 is a schematic representation of hardware com 
can be tuned to new wavelengths . Future optical networks ponents that can be used to operate a tunable microring 
may use flexible grid where the channel spacing might resonator . 
change depending on the network conditions . In a data 
center if the traffic is high more wavelengths can be used to 25 DETAILED DESCRIPTION 
increase data transmission capacity . More wavelengths 
means filters and switches with smaller FSR are needed . Various features will now be described with reference to 

the figures . These various aspects are described hereafter in 
SUMMARY greater detail in connection with exemplary embodiments 

30 and examples , and should not be construed as limited to 
There is provided a tunable microring resonator , compris - these embodiments . Rather , these embodiments are provided 

ing a primary waveguide having first and second ends , a so that the disclosure will be thorough and complete . 
plurality of secondary waveguides each having a different Some aspects will be described in terms of sequences of 
length and each having first and second ends and a Micro - actions or functions . It should be recognized that in some 
Electro - Mechanical System ( MEMS ) adjustable to optically 35 embodiments , some functions or actions could be performed 
couple at least a first end of the primary waveguide with a by specialized circuits , by program instructions being 
first respective end of a selected secondary waveguide executed by one or more processors , or by a combination of 
thereby allowing light to circulate within the tunable micro - both . 
ring resonator . A typical ring resonator has an invariable size and there 

There is also provided a method of operating a tunable 40 fore a constant free spectral range ( FSR ) . A microring has 
microring resonator , comprising sending a signal to a Micro - previously been described in Johnson , A . R . , Okawachi , Y . , 
Electro - Mechanical System ( MEMS ) to induce , by Levy , J . S . , Cardenas , J . , Saha , K . , Lipson , M . , & Gaeta , A . 
mechanical movement , the optical coupling of at least a first L . , “ Chip - based frequency combs with sub - 100 GHz rep 
end of a primary waveguide with a first end of a selected etition rates , ” Optics letters , 37 ( 5 ) , 875 - 877 , 2012 ] which 
secondary waveguide , selected among a plurality of second - 45 generated a frequency comb by four - wave mixing in a 
ary waveguides each having a different length , such that parametric process . Three different rings where fabricated to 
light can circulate within the tunable microring resonator . achieve comb sources with FSRs of 80 , 40 , and 20 GHz . 

Embodiments described below provide a ring resonator 
BRIEF DESCRIPTION OF THE DRAWINGS with tunable FSR that can replace these three devices to 

50 produce a tunable frequency comb . The embodiments below 
FIG . 1 is a perspective view of a first embodiment . use Micro - Electro - Mechanical system ( MEMS ) technology 
FIG . 2A is a perspective view of a variant of the secondary for a compact , integrated solution and to allow broad tuning 

waveguides of the first embodiment . of the FSR . 
FIG . 2B is a perspective view of a variant of the secondary An optical filter with tunable FSR has several applications 

waveguides of the first embodiment . 55 and permits a network architect to design more flexible 
FIG . 2C is a perspective view of a variant of the secondary networks . The existing solutions to make optical filters with 

waveguides of the first embodiment . tunable FSR are based on fiber Bragg grating ( FBG ) , such 
FIG . 3 is a perspective view of a variant of the secondary as described in [ Julien Magné , Philippe Giaccari , Sophie 

waveguides of the first embodiment . LaRochelle , José Azaña , and Lawrence R . Chen , “ All - fiber 
FIG . 4 is a perspective view of a variant of the secondary 60 comb filter with tunable free spectral range , " Opt . Lett . 30 , 

waveguides of the first embodiment . 2062 - 2064 ( 2005 ) ] . The tuning range in this existing tech 
FIG . 5 is a top view of a variant of the secondary n ology is limited to small amounts . 

waveguides of the first embodiment . Some of the integrated circuits based on ring resonators 
FIG . 6 is a top view of a variant of the secondary can benefit from having a tunable FSR . A ring - based wave 

waveguides of the first embodiment . 65 length - division multiplexing ( WDM ) optical switch or a 
FIG . 7A is a top view of a variant of the secondary frequency comb source are among the structures that can 

waveguides of the first embodiment . show improved functionality by employing a filter with 
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( 1 ) 

FSR = NEL 
22 

tunable FSR . The embodiments below present novel micro ( not illustrated ) adjustable to optically couple at least the 
ring resonators using MEMS with broad FSR tunability . first end 110 of the primary waveguide with a first respective 

Ring resonators are commonly used elements in inte - end 112 of a selected secondary waveguide 103A in FIG . 1 
grated optical circuits , particularly in silicon photonics . thereby allowing light to circulate within the tunable micro 
They are widely used as electro - optical modulators , comb 5 ring resonator . 
lasers , multiplexers , demultiplexers , filters , delay lines , etc . In the tunable microring resonator , the plurality of sec 
The frequency spacing between two adjacent resonances is ondary waveguides 103 are moved by the MEMS as a single 
called an FSR . The FSR depends on the wavelength ( a ) , the element and the MEMS optically couples the second end 111 
group index ( n . ) , and the ring size ( L ) as indicated in ( 1 ) of the primary waveguide with a second respective end 113 

10 of the selected secondary waveguide ( 103A in FIG . 1 ) . 
The number of FSR possibilities shown in FIG . 1 is equal 

to the number of segments , which have pre - calculated 
lengths based on target FSR values . Segments are vertically 
stacked with a distance that ensures no cross - talk . Crosstalk 
depends on waveguide material ; for silicon waveguides a 3 

Aring resonator has a constant FSR at a given wavelength um distance is enough to avoid crosstalk . The MEMS 
since the dimensions of the ring are unchangeable . A FSR structure vertically moves the whole block containing the 
can be tuned by controlling of the distance that light travels segments . 
inside the ring . The two parts 102 and 103 of the microring are edge 

In the embodiments that will be described below , a 20 coupled . There is a very small gap and tapers are used at 
MEMS structure is introduced in a ring resonator to achieve waveguide endings to reduce optical losses caused by the 
a multiwavelength optical filter with a broadly tunable FSR . discontinuity at the gap . We define this type of coupling as 
The FSR can be tuned to several discrete and pre - defined an abutting relation . A person skilled in the art would 
wavelength spacings by changing the microring cavity understand that abutting would comprise slightly different 
length . 25 arrangements providing similar levels of coupling . 
As shown in FIG . 1 , the ring resonator 100 is divided into FIGS . 2A to 2C illustrate variants for the set of secondary 

two segments 102 , 103 . The first segment 102 couples light waveguides 104 of the first embodiment . As can be seen , the 
to the I / O bus 101 and the second segment 103A , 103B or waveguides can be made of Si or SizN4 . A SiO , or air 
103C ( generally 103 ) , chosen from a set of waveguides 104 cladding may surround the waveguide and the waveguides 
with different lengths , completes the microring 100 . The 30 may be built on a substrate of SiO , , such as illustrated in 
segments 103 lengths can be calculated based on the FIG . 2B . Alternatively , the secondary waveguides may be 
required FSRs , e . g . 50 , 100 , 200 or 400 GHz . The movement laser inscribed inside a glass or polymer substrate . 
provided by the MEMS structure ( not illustrated ) selects a As another alternative , the secondary waveguides may be 
second ring segment 103 to achieve a desired FSR . built in layers deposited on top of each other , as illustrated 

It should be noted here that even though the embodiments 35 in FIG . 2C . 
described show two or three secondary segments , more In FIGS . 1 - 3 and 10B , the secondary waveguides are 
segments could be available in the microring . stacked vertically , on top of each other , and may be moved 

In some embodiment ( e . g . FIGS . 1 - 8 ) , the segments 103 by 1D MEMS according to a translation movement along a 
are moved either vertically or horizontally to change the vertical axis . The 1D MEMS device can move this set of 
cavity length and therefore tune the microring FSR . The 40 waveguides to achieve the target FSR by selecting and 
actuator moves only in one direction ( one degree of freedom aligning a waveguide with an appropriate size . In these 
of motion ) . embodiments , the first 110 and second 111 ends of the 

In another embodiment ( FIG . 9 ) , two MEMS mirrors 901 , primary waveguide are aligned to abut , as defined previ 
902 are used to transfer light between the segments 102 , 103 . ously , respective first 112 and respective second 113 ends of 
The waveguide lengths are designed to achieve target FSRs . 45 the selected secondary waveguide . 
The mirror rotation provides selectivity between wave - FIG . 3 illustrates a variant of the secondary waveguides of 
guides . The actuators move only in one direction ( one the first embodiment where the secondary waveguides are 
degree of freedom of motion ) . This reduces significantly the spaced apart by spacers 301 . The spacers may have a height 
complexity compared to 3D MEMS mirrors . of a few micrometers and be made of any material that does 

In other embodiments ( FIG . 10 ) , segments 103 fixed 50 not conduct wavelengths such as those circulated in micro 
( FIG . 10A ) or movable ( FIG . 10B ) are used in combination nators . 

with a movable 1001 or fixed 1002 mirror to change the FIG . 4 illustrates another variant of the secondary wave 
cavity length and therefore tune the microring FSR . guides of the first embodiment where the secondary wave 

In another embodiment ( FIG . 11 ) , directional couplers are guides are intertwined and comprise at least one bridge 401 . 
used to modify the microring perimeter and tune the FSR . 55 The waveguide bridges can be designed like a periscope , 

These embodiments provide a microring resonator filter in with 45 degree facets that permit tight bending of light . 
which the FSR is tunable over a broad range among a set of FIGS . 5 and 6 illustrate other variants of the secondary 
discrete and pre - defined values . It provides such adjustabil - waveguides of the first embodiment , where the secondary 
ity using simple MEMS movement in one direction or by waveguides are juxtaposed on a substrate and are moved by 
in - plane rotation of mirror ( s ) . 60 the MEMS according to a translation movement along a 

FIG . 1 illustrates a first embodiment of a tunable micro - horizontal axis . 
ring resonator 100 , comprising a primary waveguide 102 As can be seen on these figures , the secondary wave 
having a first end 110 and a second end 111 . The microring guides can be U shaped or can have a free form . Further , the 
resonator also comprises a plurality of secondary wave - embodiment of FIG . 6 allows for a smaller gap between the 
guides 103 each having a different length and each having a 65 first ends 112 and the second ends 113 . 
first end 112 and a second end 113 . The microring resonator As illustrated at least in FIGS . 1 - 2 , 4 , 7 and 8 , the 
comprises a Micro - Electro - Mechanical System ( MEMS ) secondary waveguides can be juxtaposed inside a substrate . 
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In some embodiments , such as those of FIGS . 4 , 7 and 8 , the waveguide 102 abut the first end 112 of the selected sec 
secondary waveguides can be moved by the MEMS accord - ondary waveguides 103B . A fixed mirror 1002 is operative 
ing to a translation movement along a horizontal axis . or used to redirect the light coming from the second end 113 

In FIGS . 7 and 8 , the secondary waveguides comprise a of the selected secondary waveguide towards the second end 
plurality of segments 701 , 702 , 703 , 801 , 802 , 803 and a 5 111 of the primary waveguide . 
plurality of mirrors 704 , 705 , 804 , 805 for reflecting light FIG . 11A illustrates a fifth embodiment of a ring resonator 
therein . which is segmented in a plurality of segments 102 , 103 to 

Turning to FIG . 9 , there is provided a second embodiment tune the FSR . In this simplified embodiment , there are 
of a structure to tune the FSR of a ring resonator , where provided two movable arms 103A and 103B that allows 
MEMS activated mirrors projects or redirect light into the 10 providing two possible FSR values . 
selected waveguide by in - plane rotation . The secondary waveguides 103A , 103B , each have a 

In this embodiment , the ring is split into two segments portion 1110 operative to overlap with a portion 1110 of the 
102 and 103 . Two MEMS mirrors 901 and 902 are used to other secondary waveguide . At least one of the secondary 
transfer the light between the two segments 102 and 103 . waveguides 103A is movable between a first position where 
The first MEMS is adjustable to optically couple the first end 15 it partially overlaps with the primary waveguide 102 only 
110 of the primary waveguide with a first respective end 112 and a second position where it partially overlaps with the 
of the selected secondary waveguide . The second MEMS is primary waveguide 102 and the other secondary waveguide 
adjustable to optically couple the second end 111 of the 103B , as illustrated in FIG . 11A . 
primary waveguide with a second respective end 113 of the FIG . 11B illustrates a side view of the fifth embodiment 
selected secondary waveguide . 20 of FIG . 11A , where the secondary waveguide 103A partially 
More specifically , the MEMS are operative to rotate overlaps with the primary waveguide 102 and partially 

mirrors to redirect the light coming from the first end 110 of overlaps with the other secondary waveguide 103B . In this 
the primary waveguide towards the first end 112 of the case , light is coupled between waveguide 102 and wave 
selected secondary waveguide and to redirect the light guide 103A and again between waveguide 103A and wave 
coming from the second end 113 of the selected secondary 25 guide 103B . The ring circumference is extended all the way 
waveguide towards the second end 111 of the primary into the waveguide 103B , forming a longer loop . The arrows 
waveguide . schematically show the optical power ( P ) path . 

The input / output bus 101 is coupled to the first segment FIG . 11C illustrates a side view of the fifth embodiment , 
102 of the microring 100 . The second segment 103 of the where the secondary waveguide 103A partially overlaps 
microring 100 can be chosen among a set of waveguides 104 30 with the primary waveguide 102 only . In this case , light is 
with different lengths . The length of these waveguides is coupled between waveguide 102 and waveguide 103 A only 
calculated to achieve target FSR values , where the number and the ring loop is completed , forming the smallest loop . 
of possible FSRs is equal to the number of waveguides 103 . The MEMS is used to move the segment 103A between one 
Typical wavelength spacing for WDM applications are 50 , position and the other . 
100 and 400 GHz . The MEMS actuator rotates the mirrors 35 Microring segments 102 , 103B are spaced by the cross 
901 , 902 in 2D to select a target waveguide . It is possible to over length Lx , defined as the length required to fully couple 
control both mirror actuators ( not illustrated ) by one elec - light from a waveguide to an adjacent waveguide . The 
trical signal with a symmetrical design of waveguides and movable U - shaped arm 103A is in another plane above or 
mirrors . below the microring segments at close proximity to the fixed 

Light should be transferred between the two segments 40 part to form a vertical directional coupler . The coupling 
with high efficiency to avoid optical losses . Loss limits the section length of the movable segment is 3Lx . 
quality - factor and finesse of the microring filter response . The MEMS structure moves the segment 103A in one 
The waveguides can be tapered or collimating lenses may be dimension by a fixed amount ( 2Lx ) which allows for simple 
used to transfer light efficiently between the two segments . and precise MEMS design . The movable waveguides with 
The mirrors can also be concave to focus the light from and 45 one degree of motion can be mechanically latched in the 
into the waveguides 102 , 103 . actuated state , and remain persistent in this state even if 

FIG . 10A illustrates a third embodiment where the MEMS electrical power is removed from the device . 
is adjustable to rotate a mirror 1001 to redirect the light In FIG . 11B the movable arm acts as a transitional 
coming from the first end 110 of the primary waveguide waveguide to extend the microring circumference for 
towards the first end 112 of the selected secondary wave - 50 obtaining smaller FSRs . Light is coupled to the MEMS arm 
guide . In this embodiment , the second end 111 of the by moving the MEMS arm by 2Lx ( FIG . 11C ) . In this 
primary waveguide is edge coupled to the second end 113 of position light is coupled to the movable arm and loops back 
the selected secondary waveguide in a fixed manner . to complete the microring perimeter . The “ actuator ” state 

The first waveguide may further form a single continuous being binary permits a simple “ single wire ” control interface 
waveguide with one of the secondary waveguides located 55 ( ON / OFF ) . The control interface for the array of actuators 
e . g . in - between other secondary waveguides . For example , can be implemented as a " one - bit ” shift register & latch 
in FIG . 10A , the waveguides 102 and 103B could be , in fact , circuit per cell that are cascaded together to form a long shift 
a single continuous waveguide and at the end 113 , the register . 
waveguides 103A and 103B could be edge coupled and the Since the directional coupler operates at 100 % coupling , 
waveguides 103B and 103C could also be edge coupled , to 60 the total loss inside the ring is comparable to a typical 
allow the light to jump from one waveguide to another microring although fabrication errors can limit the Q - factor 
depending on which secondary waveguide is selected by the and finesse of the segmented ring . 
mirror 1001 . FIG . 11D illustrates a variant for a segmented microring 

FIG . 10B illustrates a fourth embodiment where the with tunable FSR . The number of FSR possibilities is equal 
MEMS is adjustable to edge couple the first end 110 of the 65 to the number of segments 103 and 1101 , 1102 . The micro 
primary waveguide to the first end 112 of the selected ring of FIG . 11D operates in a manner similar as described 
secondary waveguide 103B . The first end 110 of the primary above . However , one MEMS can move a plurality of seg 
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ments 103A , 103B or a plurality of MEMS can be used to embraced therein . Although specific terms may be employed 
move the segments 103A , 103B . herein , they are used in a generic and descriptive sense only 

FIGS . 12 and 13 illustrate a method and hardware com - and not for purposes of limitation . 
ponents , such as a controller or processing circuit 1301 , for The invention claimed is : 
operating a tunable microring resonator 100 . The method 5 1 . A tunable microring resonator , comprising : 
comprises the step of sending a signal , 1201 , to a Micro - a primary waveguide having first and second ends ; 
Electro - Mechanical System ( MEMS ) 1302 to induce , by a plurality of secondary waveguides each having a dif 
mechanical movement 1303 , the optical coupling of at least ferent length and each having first and second ends ; and 
a first end of a primary waveguide with a first end of a a Micro - Electro - Mechanical System ( MEMS ) adjustable 
selected secondary waveguide 103 , selected among a plu - 10 to optically couple at least a first end of the primary 
rality of secondary waveguides each having a different waveguide with a first respective end of a selected 
length , such that light can circulate within the tunable secondary waveguide thereby allowing light to circu 
microring resonator . late within the tunable microring resonator . 

The mechanical movement may be a translation move - 2 . The tunable microring resonator of claim 1 , wherein the 
ment along a vertical or a horizontal axis that is applied to 15 plurality of secondary waveguides are moved by the MEMS 
the plurality of secondary waveguides , to abut first 110 and as a single element and wherein the MEMS optically 
second 111 ends of the primary waveguide 102 to respective couples the second end of the primary waveguide with a 
first 112 and second 113 ends of the selected secondary second respective end of the selected secondary waveguide . 
waveguide 103 . 3 . The tunable microring resonator of claim 1 , wherein the 

The mechanical movement may alternatively be a rotation 20 secondary waveguides are made of Si or SizN4 , in a Si0 , or 
that is applied to a mirror 901 , 902 , 1001 , to redirect the light air cladding and are built on a substrate of SiO , . 
coming from the first end 110 of the primary waveguide 102 4 . The tunable microring resonator of claim 1 , wherein the 
towards the first end 112 of the selected secondary wave secondary waveguides are laser inscribed inside a glass or 
guide 103 . The mirror may be concave . polymer substrate . 

The proposed structures can be used to make tunable 25 5 . The tunable microring resonator of claim 1 , wherein the 
WDM switches by controlling the I / O bus 101 to microring secondary waveguides are stacked on top of each other and 
coupling via a p - n junction to inject free carriers or by are moved by the MEMS according to a translation move 
thermal control of the effective index . The MEMS movable m ent along a vertical axis , wherein the first and second ends 
part converts this structure into a highly tunable WDM of the primary waveguide abut respective first and second 
switch useful in optical communication networks to simul - 30 ends of the selected secondary waveguides . 
taneously switch a number of optical channels . Tunability of 6 . The tunable microring resonator of claim 1 , wherein the 
the switch means that channel spacing can vary in a WDM secondary waveguides are spaced apart by spacers . 
system and the switch can still operate by tuning to the new 7 . The tunable microring resonator of claim 1 , wherein the 
wavelengths . secondary waveguides are intertwined and comprise at least 

In another application , the proposed structures can be 35 one bridge . 
used in optical frequency comb generation . The comb gen - 8 . The tunable microring resonator of claim 1 , wherein the 
erated using the proposed structures will have a tunable FSR secondary waveguides are juxtaposed on a substrate and are 
which can be used in flexible WDM systems that have moved by the MEMS according to a translation movement 
varying wavelength spacing . Tunable frequency combs can along a horizontal axis . 
be made by using the proposed structure inside a fiber cavity 40 9 . The tunable microring resonator of claim 8 , wherein the 
as a wavelength selective element . The cavity lases at the secondary waveguides comprise a plurality of segments and 
micro resonator resonances which are tunable by our pro - a plurality of mirrors for reflecting light therein . 
posed MEMS structure . 10 . The tunable microring resonator of claim 1 , wherein 

Another application is for tunable radio frequency ( RF ) the secondary waveguides are juxtaposed inside a substrate 
tone generation . Beating of the frequency components in a 45 and are moved by the MEMS according to a translation 
comb can be used to generate RF tones . Two resonance movement along a horizontal axis . 
frequencies of the ring are selected by using an optical band 11 . The tunable microring resonator of claim 10 , wherein 
pass filter . The output of the band pass filter is sent to a the secondary waveguides comprise a plurality of segments 
photodetector to generate the RF beat note . The tunable FSR and a plurality of mirrors for reflecting light therein . 
optical filter results in tunable RF sources . 50 12 . The tunable microring resonator of claim 1 , wherein 

The disclosed structures are not limited to silicon pho - a second MEMS is adjustable to optically couples the 
tonics and apply to other types of integrated optical circuits second end of the primary waveguide with a second respec 
such as silicon - nitride waveguides . Low - loss silicon nitride tive end of the selected secondary waveguide . 
waveguides can be chosen for large rings if small FSRs are 13 . The tunable microring resonator of claim 12 , wherein 
required . 55 the MEMS are operative to rotate mirrors to redirect the light 
Modifications and other embodiments will come to mind coming from the first end of the primary waveguide towards 

to one skilled in the art having the benefit of the teachings the first end of the selected secondary waveguide and to 
presented in the foregoing description and the associated redirect the light coming from the second end of the selected 
drawings . Therefore , it is to be understood that modifica secondary waveguide towards the second end of the primary 
tions and other embodiments , such as specific forms other 60 waveguide . 
than those of the embodiments described above , are 14 . The tunable microring resonator of claim 13 , wherein 
intended to be included within the scope of this disclosure . the mirrors are concave . 
The described embodiments are merely illustrative and 15 . The tunable microring resonator of claim 1 , wherein 
should not be considered restrictive in any way . The scope the MEMS is adjustable to rotate a mirror to redirect the 
sought is given by the appended claims , rather than the 65 light coming from the first end of the primary waveguide 
preceding description , and all variations and equivalents that towards the first end of the selected secondary waveguide 
fall within the range of the claims are intended to be and wherein the second end of the primary waveguide is 
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edge coupled to the second end of the selected secondary 19 . A method of operating a tunable microring resonator , 
waveguide in a fixed manner . comprising sending a signal to a Micro - Electro - Mechanical 

16 . The tunable microring resonator of claim 15 , wherein System ( MEMS ) to induce , by mechanical movement , the 
the first waveguide and one of the secondary waveguide optical coupling of at least a first end of a primary wave form a single continuous waveguide located in - between 5 tween 5 guide with a first end of a selected secondary waveguide , other secondary waveguides . 

17 . The tunable microring resonator of claim 1 , wherein selected among a plurality of secondary waveguides each 
the MEMS is adjustable to edge couple the first end of the having a different length , such that light can circulate within 
primary waveguide to the first end of the selected secondary the tunable microring resonator . 
waveguide , wherein the first end of the primary waveguide 20 . The method of claim 19 , wherein the mechanical 
abut the first end of the selected secondary waveguides , and movement is a translation movement along a vertical or a 
wherein a fixed mirror is operative to redirect the light horizontal axis that is applied to the plurality of secondary 
coming from the second end of the selected secondary waveguides , to abut first and second ends of the primary 
waveguide towards the second end of the primary wave waveguide to respective first and second ends of the selected 
guide . 15 secondary waveguide . 

18 . The tunable microring resonator of claim 1 , compris 21 . The method of claim 19 , wherein the mechanical ing at least two secondary waveguides , each having a movement is a rotation that is applied to a mirror , to redirect portion operative to overlap with a portion of another the light coming from the first end of the primary waveguide secondary waveguide , wherein at least one of the secondary towards the first end of the selected secondary waveguide . waveguides is movable between a first position where it 20 22 . The method of claim 21 , wherein the mirror is partially overlaps with the primary waveguide only and a 20 
concave . second position where it partially overlaps with the primary 

waveguide and the other secondary waveguide . 


